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ABSTRACT

.Experiment0 were carries out to investigarethe phenmenon ýYf cross-
protection among Ilenezue iaT entwine encephalomyelitiss (V•EE, Eastern equine
enct'phaiomyelicis, (EEE) and Se-tliki Forest (SF) viruses tir a variety; of
laboratory animAls af'"e irutuizatLon by the intrapeftitonell4 - subcutaneou!s,
or respiratory route; the last. -as efiected by exposing the animals t6
aeroso !sof virus. One inJection of an attenuptd ,strain of VF# (9tý pro-
.-tected guinea ptgs againsL a lethal challenge dose of HEE •or•g virus in
guinea pigs And mice, respectively. Two injecrions of I`ive SF virus
protected gui'neA pigs against amall doses of VEE or -EE virus- Mice-vacci-
nated witb 9e'rppponded by demonstrating resistance mechanisms that ap-
peared to, operateia series, This •conlsisted2 O, first,.. an ear-1y2 nonspecLfic'
intlerferem,.e phase,, followed by a secondt specific phase. The second
phase slab ihclu~de.a partially s ific mechaaasm of resistance of %in-
knowt- origin and of relatively long di;ration, maifiested as cross-profecti.
in the grotip A virubes.tein
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L. IN'r R L•tT ION

An attenuated strain of Venezuelan equine eacephalomyelitis (VE) viruý
was recently isolated and described.' When this strain (9t) was 'used as ian

Immunizing agent, it was found to induce not only a sc-lid resistance in
laboratory animals against a challenge with homologous virulent strains 16t
aldo an immunity against the hecerologous Edstern equine enc~ephalomyelitis
(EEE) virus to a:ubstanx{l degree.,- The latter oceurred withput evt-
daence of cross-neutralizing antibody.2 In this reporr, further investig4,-
tions designed to characterizeý the cross-protective phenomenon, are de-
scribid. Attention was given to the time-of oalaet,.the level, and the
persistence of the acquired homologous and heterologoue immunity.

II.'- MATIERLIM AMD I'ETR01S

0 +UA. Wt$"StPItNS +

The attenuatedVES virus, 9t, uiid to it-unize mice, guinea,. ftlg or
rhesus monkeys, the virulent VEZ seeds designated ZSI and CZS, an4i he-!EE t•
virus seeds have been dascribed elsewhere' Semliki Forest (SF)virus*
was obt*iaid frqwDr.,W.P. Allen of this laboiatorX. . ..

i. VIRUS D@Xx~Mf1ixS '<

Twe lve- t o -f 2uft e On - t-as mice and 200-; ýto 300-,,-ram guinea-pigs were
injected withl 0 - 41CWS0 of 9t by the--intrapertoneal (J -or sub-,

cutaneous (SC) route. Mice received °kliu.~dosE of l0t' and guinea
""pigs 104- 4 UCW 50 of 9t by the respiratory route, using a ,it-hd de-
scribed jox'eviou31y.3 Monkey&- received 105!2 MICwD50 oir'§t by Ohe"-
r esp~ratd'ky route In 1-hur i~me manner. Im~n~izat ions with EEEK a.di SF
viruses Vere carried- but by injecting approximately 1g -an l0 ý MICW450
of eachý strain, respectivily, by the IF route.

VIRIftS CIIA. NGES-

Challenge doses of virus ygre Administered to-imunized guinea pi•g
2.i25 days post -ii•n+ nizatioii. Eight additional days were alled P i

"i.•ntncao in thlh G t}ocur0d ' hllung9 i b ho oLntrrloynd. C .nto•_o ub-ons , -d
of utnoiusiflid animals that ceae. from the dos gand.O -aui thoeo that _-aro

i.runiszed.s The numbedotf yICnD 0 tn each challengel was, selected to

OfThis strain, Sen I MB, was..obtained thro4ghuthe courtesy of Drs H.M.

brain 2deparation. It hed rEc~igd three, additional d a inw as•saged i

this laboratbry prior to use. .



demonstrate the m4Lui or - dose that.cquld be withstood ct•. to
i•:unizateon, -xcept for the challenge dose, of 10' MIC 5 0 of r"ES iven
by the inttacerebral (IC) rouve to Tonkcys that were i±runi!-ed by 9t aerosols.
Virus challenges wez' carried out in mice inn-nunized with 9t by titrating
FES, EEE, orý,,Vacclr-ia virus (IMD strain) aL various intervals. Challenges
with vaccinil- v f were g4.ven only by the IC route. FE and RltE viruses
were adm ný ered by ,ither the CM-or XP route. All aerosol exposures were .,
carri"d Out in a modified 4einderson Apparatus AR deseribed previously.

A. RESPOMSE IN, ,INEA PIGS TO VEE, 3!!, OR SF VIRUS
-The d1ta n ,abl. t (lins , and 2) reveal that normaI gtinta Pigs-

were highly suscjiptiblo- to infections Vith theovirulent VEE virus stra.in
administered eitf!er byiijpctiý .or Vy expos*u-., to atroso1s. ymp tos-i _

-guinea pigs inclaid4d i ffjebrlie response h~hin,18ý td:2_ hours;. fo1lWsd.b '
orosmy4Uon And 4ofath within osv~r4V-days. - Od hundred, ZCDs g5A.4 bthlr Xp or SC rbut was sufficient to elicft.,a typicrl respm• , 'Toe,,.,r'

response to H •rus on lire 3 differed, 'however, in -that
necessary- C6 induie a fatal' illness, which wais preceded in the UA . f.-,-V
cases by a diphaýai'Lp rature response; the ,eaks occutted 'st:o4 to.8
hours and.,again between 72 okdn120 hqrs. :"rt contrast to the equiine-
encepi~alouylitis;virusesY 87 vi:Oiiuneither cased a1 febrile nor a.et'hal
respnsee "in goinsii pils. -In this hoot; thoreforab;8? viru'sias suitable
only' for limited mse as a ýiv.-s zizii Setpn! ra~i -e'e tr
test.i in which it lwaf me fssary to -employ •FviftU- Le a•ethal gent
-These studies are 4Iiicu.ed below. '

B. DOMUNIZATION W M, ATTENUATED VER VtRUS

As 1"pOn in Table I (Tines 5 &od.-6) g6inea p•s responded to the IF
or S d umini~tratio1j of 10 MICLD5 0  or to an "r osol4xpoere 'to 10.4
MICWD 0 of 9t, by slV~ing only a febTile respone' These anmlss were
found subse'quently v•obe imune to chtllengts with 'a large lethal dose
of the virulent homo',ogous strain. SO" challenge failed to elicit any
clinical signs of iltiss when adminitt*red by either the- I or respira-

-toiry route (Table I, ý.Uneb 7a: 8a, and 8b).

It-ranization of gui!-_a pigs with 9t altered sign1,ficantly the course
of iI1Aess aftev a challenge with LL% vilu9, Among uniV.'arnutod coaLnol
animals, 72 per cent (A6/36) showed a&typical dtphasic febrile response-
and succumbed. Only' 14.2,-per cent (5/35) of the anizala i•inized with
9t shoved a diphauic febrile pae'tern and-Only 5.7 per cent (2/35) suc-
cumbed (Table I, lire 76). Approximately. 68 per cent t24/iý) exhibited

I
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a _19n1e tent ooraturo elevatior. and 17 . 1 per cent (6/35) shocd no ollnic:U
siFnn. Thi.s nodified cefect was foind to be L-ore pronounced in the 9t-

int.unize, anT,:tls (line 7c), wl.hich h&d rece.ivnd a sek6nd antigenic st imu-
lus in the formn of a challene with the virulent P!.8 prior to a nhalLenge
J.ith FEE virus,

rtm-nixation with 9L by the ,aspiratory route (line Bc) produced essen-
tially the same modified offecnt cn )5.E vlruH disease as when the IP or SC
route was employed. In this case as well, the result was the conversion
from a lethal, diphasic febrile reaponse LQ a nonlethal monophasic ftbrile
response.

_'=mnization with 9t also protected, micO dgainst large lethal doses of

1F .virus. 4Thee data appear in Table Il and are disoussed in greatr# de-
rafta in the sectidn dealing wi'th the iminization to SF virus.

Other data. re-iated to tho'se prekented ab&ve but, not showi in Table" I
concern the response of monkeys to ý `lethal dose, of VIE virue afters' im-
munization by the retspirator9 ioute, Exposure of these 'nim--"'tro.,err~ols
oo 5-&4 .MICM.50 bf thig9t strain a-fforded complete prot'ection-againsit
1 IMICLDxic of aolethalV w-train (CES) given in;racerebrally.' None ofS-tl~eoJfour monkeys t•reated in this~mannEr succumed' - In eonrrast,".two un-

"vaccfftedocpOntrol monkeys doye.oped-illness and di"d within seven dayspIost-challengea. - -o

C. DIMIZTIOhI WITH RIB VIRUS'-

, Quipoa pigs "re iz=0nixed with SEI vivus, administering large b ut 6,
-nonlethal doses :4f virus by the IF route. ooThisywas followed by IF chal-1o
-longe with the virulenit Vf virus trtain.oand, as seen in Tab Ia I, line 9.1
resulced in a fsbrile response ,without 'lethality. •.

D. IMUWTZATIO WITH SF VIIUS

As-indicated earlier, large doses of SF virus by the IF ,aute failed'

to el1icit"Any-detecta1I~e clinical response in guinla pigs. As hn h 1 in
TableI (linies lo1 and li1), one injection o4f 105'* MICLD5 0 also failed to
protect these animals against minimal lethal doses of either VER or ERE
"Nirus. A second..njection of SF virus, /hJ ever, elicited' a slight degree
of resistance to hhe-heterologou-s viruses, manifested by a reduction of
the mortality rate with VEE virus frdm 90 to 20 per cent and from 60 per
cervr to no deaths with ERR virus following a challenge with a low dose of
-e~rh~r agent (lines 1.0h ard 11h).

In Table II. the results of cross-resis!'ance studies between SF and 9t,
in alide and guinea pigs are compered: As uentioned previously, the fact

""thkat SF virus-elicited no clinical response in guinea-pigs necessitaced
the'use of mice as hosts that could be lethally infected with this agent,



Mice imunuized with 9t were orotected soiidly atainst 106 tC1D, of SF
virýuis and, despite the poor Furno nic -nponsa of pinea pigs to SF
viruis, it WaS possible- to dcmonatratc tivt they Wero 1oteotOtaa in n't
approximately 100-fold-gaeatav VEE virus challeng_;. tn tho ,toni-;nizoc1

TABLE i11 CROSS -RtSISTA•NCI" flN MICE OR CUA',NA PIGS VACCINATh1 WITH
ATTENUATED (9c) VUE OR SF VIRUS TO ViRULEIT VFM (ES) OR 5F VIRUS

Tit.or expres.ied aý-_______
Challenge SF ITminLzed Noni£-rtized- 9t Iulanmied. Non- Protectiv-
Virus Guinea Pigs./ Guinea Pig5 Mic V iv.=unized Index-'/

,Mice.

PE7 97 . 9,1 1.8

SF 416.1

. Immunization was two doses of 105.8 Ki 0 given if.traperltoneally
seven days apartý, One dose failed to elicit any protection against
the challengei virus.

b,. Imnization dose was 1041 MI•CU)S $iven intraperitoneally.:c. Difference in number of LD50 resisted by imUnited and nontatrunized
snimls • . -

E. ZDri oQF ONSET, L•EL, FERS-STENCE Ol uM(1Tý Ii-ND1CED BY, 9t IN MICE

As seen in Pigure 1, 24 hours After the IP administration of 9t to
mice, resistince to VER and ZEF viruses, given as, IV clallenges, was w.-l
developed. esistlance to EEZ virUs femaiied at'approxlmtely. the sauf
level until the seventeenth day. Sub9equent tests not represented in
Pigure, 1 have revealed that this level of reaistance Vas present also
at day 60. Resistance to VEE virus increased to a state of mrxirwm im-
=unity by day 3 and was found to persist at least ten months,

After IC challenges, resistance to EEE virus reaohed a peak at day 3
and& femtined at approximately the same level thereafter. Resistance to
VEt virus, hmiev-r7, which equalled that of EEE virus at day 3, rose sharply
to a peak at day5, at w4ich Lime the level ot,-tle resistance to the VEE
challenges made by either the IC or IP route appeared to be ncarly comnparable.
A peak of resistance to vaccinia virus was attained at day 3ý and was followed
by a ohaop docline. Hecaune vaccinin waiou onlethal by other than th0 IC
route, no attemý*L was made to study its infeativity by perit4heral -routes in
miee immunized with 9t..

ME W! i
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Figure 1. Resistance of Mice' to Vactinia (IHD),•XEI, and Parent.
VEE Viruses after Vaccir•tioTt with Attenuated VIE Virus.



iV. DIsCUSSION

A consideration of the current L-vidence, t6gether 'ith that preseInted
previoulyy ifndicatea that the phenomernon of cross-protection ao.one-9 VE.,
EEE, and SY viruses can be induced in a variety of laboratcry anirr.4!s
after immunization by'the Il? SC, or respiratory rouce. Theross.proteciun
wab reciprocal among the strainn tested. Corteivably, immunization with a
live-virus vaccine prepared vith one agent might be expected to elicit a
durable protective effect that may re8uce thu virulence of other infeccious
agents within the group A arthropod-borne viruses. This seems especially
pertinent in View of a recent cormunicqation by Allen . who suqcessfully
protected mice againrst a Wide variety oý group A virus.s using a numbe•r" of-'
g. seleoted viruses ai imr-inizing agents.

i might be expected, howevet, the differences amo1ng the levelg of the
protect•-ie responses were found to vary depending upon whether the antigen-
v"r•J.c-hallenge system was homologous or heterologous. Immunized animals

ywere a•pale-'of withstanding far greater challenge d6jes of homologous
0 . Orxjp thin of heterolbgcus virus. -In cages where rethality did not occur,

thi•"ou4id be readily_ demonstrated when the febrile response was.usbd ag
ar• ndator,.. of-nfection. For example, guinea' pgs that o~ere immnized

o q -with 9t-and challenged withza virulent strain of VEE°(.FS) failed to show
afy dete-ctable evidence of infection. In contrast, when animalsAimmunizled
.wth.;9twere challenged'wit'h SKE virus, a limited infection ensued-. A Io-0ncphasic fabri le response that 6ccurred -shortly aftire chal lengoe usua l ly
!.placed the typical diphasic type of response. Febrile responses were
"also found in IEZ-vaccinated.guinea pigs challenged-with VER virus.

Differences- among the levels of-i-ve responses were found- to-be I
"dependent not only upon the agent employeý 4for challenge but also upon
"different protective mechanim-s that were itimulafiedin the host. For
exawmle,-'he data obtained by challenging mice..at- various intervals-post-
vaccination with 9t suggest the presence of at least two mechanisms of .
resistance ihat operated in sequence. One off'these,- anonspecif c re- -

Jistaxke, which may be similar to that recently described by Traub,5
appeared-to be lirgely, if not entirely, responsible for the resistance
of m•ce to VIZ, REE, and-vaccinia viIuses during the early post-ivmnization
interval. This is most c-learly deýonstrsrted by the.responsiý of imunized
aniamls to' a challenge with <the completely unrelated vactinia virus. Mice
reststed-this virus most successfully at day 3 and then showed a rapid
,return to susceptibility. -This may be due to the presence of a iighly
avirulent form of the immunizirg virus, which has been 4etected up to 96
hours in the brains cf 9t-immuinized mice. 6  Such a particle may have
blocked attachment sites and/or elicited interferon-like substances that
were capable of Imparting a protective effect for short duration&, The
nocond, a flr3cific reo.oaituco, inau ,iont readily domonotrated, otarting
after 48 hours in the case of an IP challenge and 72 hours in the c4'se of
an 1C challenge, at which times the resistance of mice to VEE virus rose
sharply to a degree of maximum innumity. This rdughly coincided with the
detection of specific neutralizing antibody, Wlhich has been observed five
to seven days -after -vaccination. 2

•- -. j P"



That porLion of the second mechanism that was involved in the .Ieksis-
tent resistance to EE virus i' the least understood. Early post-vaicinal

tesist-ance to thia virus was demonstrable. However, after the third day.
unlike the pattern of resistance to vaccinia virus, which showed a decrease.,
or to VEE virus, which showed an increase, the resistance of mice to EEE
virus persisted at a'-c.Pnstant level in the case of eith"r an IP or an XC
challenge. ftae data suggest that 4 partial.specificity was inviolved,
sncna resistance to EEE persisted beyond that of vaccinia vlrus. MoreOver,
the fact that the level of resistance to EEE did not vary after 72 hours
suggests, in this case, that a-single persistent me.hanism may- have been
responsbJie. Previous studies have failed to disclose any crd '-neutralI.ing
antibody.2,' Possibly a nonlethal particle, biologitally gtmila-r to-the
pr 6 vi!%s postulated by Traub may have est•ablished a "cell-'aswociated"'

_cross-redsstance mechanism that cannot be accounted for-in terms. of circu-
IZating arfibody b-ut is readily demonstrable up6h a, challtnge&with heterolo-0
-0.1o virýýs. In suchl.B situati6n., the ljve-im!unizing virus itself might

-bevome latently established within strategicaily located cells,' i.e., 2Cills5
thAt iMighL be within the normal line_ of attack by the challenge virus but
protOt•cted bX the "cel -lassociattd"-part-cle.

.c he pbsaibility exists, however,oothat shortly after a-heterologous
-challengr,,an anamnestic-lilce response similar in character tq the cýoss- - .

;HAl antibodies-d4emonstrated -by Clisals was iinvokeA in £nuniz-ea a4jimais. -

* ' For example, as mentioned above, WE vi-us disease appfared" to' hav&'-been
. initiated successfully inWguines pigs imunized wit.obut the' disease

w-s terminated soon" after the first tempeature elevation. Tha later
second temperature-elevation that uaually.-"olloaed in tOeoUnimmunized

- animals was absent, This could indicate .that may -have fmiunized the
ani•nals so that their antitedy-producing clls-my'lfave beo= "pie-
conditiqXed"- in such a manner as to produce rapidly ZE viftu*. at.tibodý,,ý_

-upon challenge with that virus. - Q ., -- '
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